Objective: To evaluate the sonographic ultrasound (US) appearances of adrenal gland schwannomas.
| INTRODUCTION
Schwannomas, also referred to as neurilemomas, are uncommon tumors that are composed of neoplastic Schwann cells.
1,2 Schwann cells, which make the myelin sheath in the peripheral nervous system, play an important role in the regeneration of damaged peripheral nerves. 3 Schwannomas are usually benign slow-growing tumors, and are rarely malignant. 4, 5 Most commonly, schwannomas present as a solitary well-encapsulated subcutaneous tumor in otherwise healthy individuals. 6 Multiple schwannomas are rare and most often seen in patients with neurofibromatosis type 2. 7 Although schwannomas can involve any anatomic site where
Schwann cells are present, they generally develop from the cranial and peripheral nerves of the head, neck, or the flexor surfaces of the extremities and trunk. 8, 9 Additionally, they may also arise from the retroperitoneum and spinal nerves. Schwannomas developing in visceral organs, particularly in the adrenal gland, are extremely rare. [10] [11] [12] A correct preoperative diagnosis is very important to avoid unnecessary extensive surgery, such as total adrenalectomy and regional lymph node dissection. Imaging modalities may be useful in the diagnosis of adrenal schwannomas. 8, 13 The description of adrenal schwannomas in the radiology literature is mostly about CT and MRI features 8, 14, 15 and the appearance on ultrasound (US) has not yet been well documented. The aim of this retrospective analysis is to review the spectrum of US features of adrenal gland schwannomas.
| MATERIALS AND METHODS
This retrospective study was approved by our institutional review board, and informed consent from the patients in the study was The incidence of adrenal schwannoma is very low. According to a recent study, only 19 patients with adrenal schwannoma were found in a review of 3979 cases with adrenal lesions, accounting for 0.48%. 20 In a review of 53 cases, the age ranged from 14 to 89 years. 11 There is a female predominance, with a female to male ratio of 2:1. 12 The present study consisted of 11 women and 4 men, with a median age of 53 years, indicating a predominance in middle aged women.
Clinically, most adrenal schwannomas are discovered incidentally and do not cause specific clinical symptoms, although patients may present with abdomen and flank discomfort secondary to the mass effect as the tumor diameter increases. 20 Of the 15 cases in our study, four patients had nonspecific clinical manifestations including flank, back or chest flank pain and discomfort. Adrenal schwannomas are not typically associated with biochemical evidence of endocrine hormonal activity, but abnormal catecholamine levels have been reported in four cases. 8, 12, 20, 21 In our series, no abnormal laboratory results were found.
The usual CT appearance of adrenal schwannoma is that of a well-defined unilateral mass with cystic degeneration, with a characteristic, progressive contrast-enhanced pattern after contrast injection. 15 On MRI, adrenal schwannomas have been described as a mass with low signal intensity on T1-weighted images and heterogeneous high signal intensity on T2-weighted images. 15, 22 US findings have only been addressed in a few case reports. 4, 11, 20 As previously reported, adrenal schwannoma usually appears as a well-demarcated, homogeneous, hypoechoic mass. In our series, schwannomas appeared as a well-defined mass with no or minimal vascularity, which is consistent with previous reports. However, of the 15 cases, only 2 cases were hypoechoic, while the remaining 13 cases tended to be iso-or hyperechoic. The difference may be due to the way of echogenicity of the tumor has been determined. Since the adjacent tissues may have been hyperechoic (fat), hypoechoic (muscle, kidney), other tissues should be selected as the reference. The reference tissues selected in our study to determine the echogenicity of the lesions were the liver (right) and spleen (left) parenchymas.
Cystic changes are relatively rare in retroperitoneal tumors. However, it was found to be associated with about 66% of retroperitoneal schwannomas. 23 Retroperitoneal schwannomas are frequently large when they are discovered because the retroperitoneum is easily distended. When schwannomas grow to a size beyond the capacity of its blood supply, cystic degeneration occurs due to central tumor necrosis. Compared with their counterparts arising in the head and neck or extremities, retroperitoneal schwannomas have a higher tendency to undergo spontaneous cystic degeneration. 24 Cystic change is also the major feature of primary adrenal schwannoma, which usually can be detected on CT and MRI. 15, 22 In the present study, two types of intralesional cystic areas were found in the 11 cases, and a multiseptated cystic appearance was the most frequent form. Although the appearance of cystic change on CT and MRI has been reported, 15, 22 this is the first detailed US description of the different forms of cystic change of adrenal schwannomas.
In this series, posterior acoustic enhancement was also a frequent sign. We speculate that the high incidence of this finding may be related to the cystic areas in the tumor, yielding few interfaces, which could enhance the propagation of US beams,.
Calcification is also an important feature of retroperitoneal schwannoma, 25, 26 which is regarded as the end-stage degenerative change of a schwannoma. When they are present, they are typically Based on the US appearances described in our series, the most com- 32 which is a characteristic appearance. Moreover, pheochromocytomas demonstrate intense enhancement after contrast material administration due to a rich blood supply. 9, 33 There are some limitations to our study. First, the retrospective nature of our study may lead to potential bias in data collection. Second, the study population was small. Third, we did not compare the appearance of schwannomas with other adrenal tumors. Also, the US 
